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Introduction: Microbial mats flourished as a domi Aeolian Mat Erosion Thresholds

. . N
nant lifeform on early Earth and are often considered Eroscijon_ * ®
candidates for life during past habitable periods on other
worlds[1]. Microbial mats exist at the surface-fluid in- o . %

terface in sedimentary environments, which makes
them vulnerable to erosion from fluid flowsand particle
transport [2]. Microbial mats must resist these erosion
forces to be buried and preserved. Knowing where to 100
explore when searching for biosignatures on other
worlds hinges on our understanding of the stability of
these life-hosting surfaces against erosion by wind and
water.

Here we compare our measurements of erodibility
of microbial mats in wind and water at Padre Island, 601
Texas, with measurements from studies of microbial
mat erosion and model erosion environments on other
planetary surfacesto assess their potential to erode po-
tential life-hosting sedimentary surfaces.

Methods: Field experiments were conducted on the :
hypersaline tidal flats at Padre Island. The flatsand in- 5 & &
terduneareas on Padre Island feature many different mi- 6@\&’“ & Q@"” o & JESES
crobial mat and crust morphologies which frequently v N
experience both aeolian and subaqueous transport con- No oubagueous Mat Eros':” Thresr“‘:'ds
ditions. Aeolian erosion thresholds were measured us- Erosion liin;”{éu
ing the Portable In-Situ Wind Erosion Lab and subaque- 9l
ouserosion thresholds were measured utilizinga cohe- * »
sive strength meter [3]. Erosion thresholds were deter-
mined for three different microbial mat types and one 8 * %
salt crust. These thresholds were compared to similar
microbial mat erosion measurements conducted by 71
otherauthorsat different locations for both aeolianand
subaqueous conditions.

Erosion onPlanetary Surfaces: To quantify erosion
on otherplanetary surface, we consider fluid shearand
particle impacts. We compared the critical shear thresh-
olds for particle entrainment in both aeolian and suba-
gueous flows. To assess changes in particle abrasion st
forces, we utilized the collision Stokes number. The cok % Tomure 1909
lision Stokes number is a measure of the momentum ex- 31 & Tolhurst 2006
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[4]. Abrasion is a result of the energy transfer between S P R
collidinggrains, which is a function of viscous pressure & <
exerted on the grain by the fluid and the momentum of v
the colliding particles [5]. The calculation of collision

Stokes number for different planetary transport condi-

tionsallow forthe relative comparison of abrasion.
Results: The field measurements showed that dis-

tinct microbial mat morphologies respond differently to

Figure 1. Mat erosion thresholds in aeolian flows
(top) and subaqueous flow (bottom) at Padre (yel-
low) and in literature (other colors).



erosion (Fig. 1). Under aeolian and subaqueous condi
tions two mat types eroded and one did not. These re-
sults were similar to those published by other authors
with exception to two subaqueous studies. The u* at
which the mats eroded in subaqueous conditions ex-
ceedsthe flows expected in the field at Padre Island in-
dicating thatsubaqueous erosion israre.

The calculations of the collision Stokes numbers re-
vealed significantdifferences in theabrasivenessacross
the different planetary environments (Fig. 2). In aeolian
conditions, Mars is an order of magnitude more abrasive
than Earth. In subaqueous conditions all planetary sur-
faces have similar collision Stokes numbers, which in-
dicatesthat erosion by particle impactsis similar in lig-
uid flows on all planets considered.

Discussion: The preservation of microbial mat bi-
osignaturesison the first ordera function of the ability
of microbial mats to resist erosional forces at the sur-
face. The field measurements show that the erosion re-
sponse is variable and likely driven by mat morphology.
The thicker mats (rippled mats) did not erode in any
tests indicating that as mats grow there is likely some
threshold after which they are strong enough to resist
erosion. The presence of salt likely contributes to the
strength of the mats in aeolian settings but is not the
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dominant force as evidenced by the results of the suba-
queoustests.

The modeling results showthatthe largest variation
in abrasion is in aeolian transport settings rather than
subaqueous conditions. Thisis likely due tothe vast dif-
ferences in atmospheric density which can either in-
crease particle impact energy (Mars) or decrease it due
to damping (Venus) [6]. Itisalso importantto note that
the critical grain size at which abrasion canoccur is
much higherin subaqueous conditions. This is because
the greater fluid density in liquids increases damping in
interparticle collisions, decreasing energy transfer and
reducingabrasion. This suggests that depositsformedin
low energy subagueous environmentswith minimal ex-
posure to aeolian transport processes have the highest
likelihood for preserving recognizable microbially-in-
duced sedimentary structures.
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Figure 2. Fluid threshold u* for aeolian (A) and subaqueous (B) transport across Earth, Mars, Venus, Titan (Organ-
ics), and Titan (Ice). Collision Stokes numbers for aeolian (C) and subaqueous (D) particle transport across same
planetary surfaces. Subaqueous transport on Mars and Venus is assumed for paleoclimatic conditions. Titan values
are calculated twice to consider both grain composition scenarios (organics, ice).
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